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Extended Abstract: 
The worldwide population of people older than 65 years is predicted to reach 761 million by 2025 (Tablado et al. 
2003). The graying population typically suffers from multiple and chronic diseases and requires health services such as: long 
term treatment, hospitalization and monitoring (Tablado et al.2003, Aging Reports). The Center for Medicare and Medicaid 
Service projects that by 2011 the total healthcare expenditure would reach $2.8 trillion, or 17% of the GDP (Boult 1999, 
Kern and Jaron 2003, Chronic Care Improvement Report). Thus there is a dire need to contain the healthcare expenses along 
with providing quality care to an increasing patient population. Reliable, comprehensive monitoring of patients at homes, 
nursing homes, and hospitals is increasingly seen as a viable option for disease management, early detection of anomalies, 
prevention of unnecessary hospitalizations and corresponding reduction in healthcare expenses (Varshney 2004). In the 
recent past, research and development community has given considerable attention to developing viable research prototypes 
and products for patient monitoring (Kunze et al. 2002). However the quality and reliability of patient monitoring has not 
been satisfactory thereby thwarting the very essence of remote patient monitoring (Varshney 2005). This research, currently 
under progress, seeks to improve the reliability of patient monitoring without any dependency on time and location.  
Patient monitoring typically involves: (1) monitoring patient specific vital signs such as: ECG, body temperature, 
blood pressure, heart rate, blood glucose level etc., and (2) transmitting relevant information via a communication network 
(wired or wireless). Although the research and development community has been very creative in building a range of 
products for measuring and analyzing specific vital signs in a very reliable fashion, nonetheless, the networking support for 
transmission of vital signs (or other relevant information) from the patient’s monitoring device to the healthcare provide is 
predominantly limited to infrastructure based networks such as: WLANs, Cellular PCS, and Satellite Based Networks. The 
sole dependence of patient monitoring solutions on infrastructure based wireless networks, with inconsistent and spotty 
coverage, and permanent/temporary dead spots leads to failures or delays in signal transmission from the patient to the 
healthcare provider (end to end) and transpires in unpredictable reliability of patient monitoring (Varshney 2004). The current 
research postulates that leveraging mobile ad hoc network formed among patient worn monitoring devices can complement 
the coverage of infrastructure-based wireless networks thus increasing the end to end reliability of signal transmission. Ad 
hoc network based patient monitoring is envisioned to be employed when comprehensive coverage from infrastructure based 
network is limited or not available.  
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The specific research question addressed by the current research is: “How can the reliability of end to end signal 
transmission in the context of patient monitoring be improved?” The research objective is to address this problem in the 
context of mobile ad hoc network formed among patient worn devices focusing on the following: (1) highly reliable patient 
monitoring solution, and (2) power management of diverse, low-powered patient monitoring devices under varying 
requirements/conditions impacting mobile ad hoc networks. Achieving the research objectives require understanding of the 
requirements associated with patient monitoring and the current state of research related to patient monitoring, obtaining an 
in depth knowledge of networks (wired, wireless, ad hoc), understanding the challenges with leveraging mobile ad hoc 
networks for patient monitoring, and identifying/understanding the various parameters that impact reliability and power 
management in ad hoc network, and the interaction among those parameters. The primary artifact for the research will be the 
protocols for enhancing the reliability of end to end transmission, and efficient power management of monitoring devices in 
ad hoc network based patient monitoring.  The details of the mechanism for patient monitoring based on ad hoc networks, 
protocols for reliability and power management, results of performance evaluation of the artifact via analytical modeling, and 
contributions of the current research will be included in the final dissertation.  
.The proposed research falls within the design science paradigm which seeks to create and evaluate innovative IT 
artifacts for solving wicked organizational problems in an effort to improve practice whereas explanation research seeks to 
produce theoretical knowledge (Hevner et al. 2004) Design science research is sometimes referred to as “Improvement 
Research” which accentuates the problem-solving/performance-improving nature of the activities involved. The current 
research employs the reasoning outlined in the methodological approach proposed in the General Design Cycle Framework 
by Vaishnavi and Kuechler (2004) presented in Figure 1.  
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Figure 1. General Design Cycle Framework 
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Awareness of a Problem:  Based on the General Design Cycle framework the first step in design science research is 
to identify and define a research problem. Following the recommendation of Hevner et al. (2004, pg 85) the research problem 
is identified as the gap between the current state of development and the goal state. Detailed literature review of the current 
state of researches and development efforts in the area of patient monitoring was undertaken in order to gain an in depth 
understanding of the current state of researches and development efforts and to ensure that the problem has not already been 
addressed by prior researches, and to identify the extent and relevance of the problem and the corresponding solution to 
practice and academia.  Lastly the problem is defined and scaled according to the resources available to the current study. An 
assessment of the current products employed for patient monitoring, the requirements and nature of monitoring solutions also 
helped further the understanding of potential gaps in research with respect to patient monitoring, and the need for 
improvement which will consequently inspire the creation of the artifact.   
Suggestion: Having identified the problem of lack of reliability in end to end signal transmission, further research is 
required to derive suggestions for enhancing reliability of patient monitoring. The suggestion for employing mobile ad hoc 
networks formed among patient worn devices to improve reliability of signal transmission was drawn  from a detailed 
literature review of relevant knowledge bases that laid the foundation for understanding the pitfalls of infrastructure based 
networks, the challenges/opportunities of forming and deploying mobile ad hoc networks for complementing the coverage of 
infrastructure based networks, the parameters impacting reliability in ad hoc networks, and requirements of signal 
transmission in the context of patient monitoring.. 
Development: The development of the artifact is conducted in this phase by employing creativity and drawing upon 
suggestions and insights from the previous phases. In the current research the primary artifact will consist of the mechanism 
for achieving 100% reliability of end to end signal transmission and protocols for efficiency in power usage of low-powered 
monitoring devices. A detailed mechanism for utilizing the protocols for efficient power consumption of the monitoring 
devices will be provided.   
Evaluation: The performance of the protocols will be evaluated on the goodness and effectiveness of the solution 
for achieving 100% reliability of end to end transmission and power management in the context of ad hoc network based 
patient monitoring. Since implementing the proposed protocols and evaluating the performance in the real world is not 
feasible within the scope of the current research hence the performance evaluation and validation of the artifact will be done 
via analytical modeling technique.  Analytical modeling offers significantly good accuracy of results and is a well established 
technique for mathematically modeling various conditions of interest. The mathematical model represents the relationship 
between independent and dependent variables. By manipulating the independent variables (the multiple parameters impacting 
 3
Sweta Sneha                                                  Power Management and Reliability in Ad hoc Network Based Patient Monitoring 
reliability) the impact on the dependent variable (reliability of end to end transmission) can be measured. The utility of the 
protocols in improving the quality of patient monitoring is done via descriptive usage scenario as recommended by Hevner et 
al. (2004) 
The proposed research addresses the problem of how to provide highly reliable and power efficient patient 
monitoring to both mobile and fixed patients, via a novel idea of forming multi-hop ad hoc wireless networks among patient 
monitoring devices. The artifact will provide support for achieving 100% reliability and efficiency in power management of 
the diverse low-powered monitoring devices. The contributions of the current research will be relevant to academia, practice, 
and society in general. The results could significantly benefit the health and lifestyle of millions of patients, with multiple 
health problems; by assisting them to live independently longer in their homes, nursing homes, or assisted living facilities 
while being reliably monitored for disease management and early detection of anomalies. The current research might also 
open doors for more research regarding the utility of mobile ad hoc networks for patient monitoring in the test beds and 
natural environment. There is also a potential for opening up many new avenues of research including: healthcare services, 
mobile technologies, engineering, vendors implementing ad hoc wireless networks for patient monitoring, and behavioral and 
economic consequences of pervasive healthcare.  
 The status of the current research is that the first two phases of the Design Cycle, Awareness of Problem and 
Suggestion, have been completed. The work for the third phase, Development, is currently under progress and some 
preliminary findings have come to surface.  
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